The aim of this study was to explore demographic characteristics of systematic reviews (SRs), meta-analyses (MAs), and randomized controlled trials (RCTs) published in orthodontic journals with an impact factor (IF). Materials and methods: An electronic search was developed and implemented to identify all the SRs, MAs, and RCTs published in the seven orthodontic journals with an IF. No restrictions were applied regarding language, publication date, or publication status. The initial search generated 1147 articles, which were reviewed by three authors in order to determine if they met the inclusion criteria. Five hundred and fifty-seven articles were included in the final analysis. Type of article, name of journal, year of publication, number of authors, country of origin, and primary affiliation were recorded. Associations between those parameters were tested with the Pearson chi-square test for independence at the 0.05 level of significance. Results: The majority (72%) of this kind of articles published in the orthodontic literature were RCTs, followed by SRs (20.1%) and MAs (7.9%). Approximately 77.2% of all RCTs, SRs, and MAs were published between 2004 and 2013, and 72.9% came from orthodontic departments. More than 80% of all articles were collaborative efforts between three or more authors. Contributions from Asia, South and Central America significantly increased during last decade, while contributions from North America decreased by almost 30%. Conclusions: Most RCTs, MAs, and SRs have been published between 2004 and 2013, indicating a significant improvement of the orthodontic literature during the last decade. Asia, South and Central America have significantly increased their contributions to the high evidence orthodontic literature since 2004.
Introduction
In concurrence to other medical and dental specialties, great emphasis has been placed on evidence-based orthodontic practice. This paradigm is reflected by an overall increase in quantity and quality factor (IF) has increased from three to seven within the last decade, implying that well cited orthodontic articles appear in a much broader spectrum of periodicals from different regions of the world. Although IF is the most commonly used measure to evaluate scientific journals by quantifying their popularity within their field of focus, it does not directly relate to the quality of their publications (4, 5) .
Previous studies have attempted to evaluate orthodontic literature by exploring orthodontic journals and obtaining information regarding demographic characteristics of published articles (2, (6) (7) (8) .
According to the results of these studies, there has been a significant gradual increase in original research articles compared to review articles and case reports between 1998 and 2012, which is in accordance with the overall turn of the profession towards evidence-based orthodontics. In addition, recent bibliometric data reveal that dental literature, including specialty publications, has presented clear trends towards higher quality publications and more international collaborations (9) (10) (11) (12) (13) (14) . Electronic databases and online communication software have provided ease of access to published research and created more opportunities for collaborations. Current orthodontic literature is thus also influenced by research in other scientific fields (biology, mathematics, engineering, etc.). Therefore, methodological approaches have improved and orthodontic-related research articles now often appear in high impact non-orthodontic journals. Numerous studies have reported that IF is the strongest predictor of an article's citation counts (15) (16) (17) . High quality research articles (e.g. RCTs) tend to be less cited if they are published in journals with a low IF (15) , and thus researchers often submit their work to journals with a high IF, even if these journals are not within their field of specialty.
As the discussion about quality of research and evidence-based clinical practice continues to evolve (18) , it becomes essential to assess the quality of research published in orthodontic journals, especially since they continue to be the most influential source of information for orthodontists (8) . According to the guidelines by the Cochrane collaboration (19) , the highest level of evidence is provided by meta-analyses (MAs), systematic reviews (SRs), and randomized controlled trials (RCTs) (level 1-evidence). The aim of this investigation was to explore demographic characteristics of all MAs, SRs, and RCTs published in orthodontic journals with an IF.
Materials and methods

Search strategy
Electronic search strategies were developed and executed to identify all MAs, SRs, and RCTs that have been published in orthodontic journals with an IF. According to the most recent IF listings (3), there are seven orthodontic journals with IF. These are American Journal of Orthodontics and Dentofacial Orthopedics (AJODO), The Angle Orthodontist (AO), European Journal of Orthodontics (EJO), Orthodontics and Craniofacial Research (OCR), Korean Journal of Orthodontics (KJO), Journal of Orofacial Orthopedics (JOO), and Australian Orthodontic Journal (AOJ). The last 5-year IF values for these journals are displayed in Table 1 .
No restrictions were applied during the electronic search regarding year of publication, language, or publication status. However, articles without an abstract in English were excluded. Five electronic databases (Ovid Medline, Pubmed, Google Scolar, Scopus, and Web of Science) were searched individually in January of 2014 (27 January 2014) and the results were exported into RefWorks© (Proquest LLC, Ann Arbor, Michigan, USA) in order to eliminate all duplicates. After removal of duplicate results, 1147 articles remained that included the keywords 'randomized' or 'randomised', 'systematic review' or 'meta-analysis' in the title, abstract and/or the keywords provided by the authors. Portable Document Format (PDF) files (Adobe Systems Incorporated, Mountain View, California, USA) of all articles were downloaded, saved, and arranged according to journal and type of article in an external hard drive. Articles that were not available in an electronic format were hand-searched and scanned into the electronic database.
After the electronic search was completed, titles and abstracts of all articles were screened by the three first authors as a group, to exclude articles that did not meet criteria for RCTs, SRs, or MAs. If a decision could not be made based upon the title or the abstract, the full text of the article was also reviewed. The comprehensive review resulted in 557 articles, all of which met the inclusion criteria ( Figure 1 ).
Methodology
For each article, the following parameters were recorded ( Figure 2 seven groups according to the number of authors (One author, two authors, three authors, four authors, five authors, six authors, and more than six authors). 5. Geographic origin. Articles were classified into geographic origin groups based on the first author affiliation. The origins were grouped as displayed in Table 2 . 6. Source of article. Articles were classified based on the affiliation of the first author into three groups (orthodontic, non-orthodontic, and non-academic).
Statistical analysis
All data were extracted and put into an Excel file (Microsoft Excel, Microsoft©, Redmond, WA, USA). Initially data were explored 
Results
Frequency distributions between journals
The numerical and percentage distribution of articles among journals in relationship to the parameters studied is displayed in Table 3 . The majority (72%) of all level 1-evidence articles published in the orthodontic literature were RCT, followed by SR (20.1%) and MA (7.9%) (P < 0.001). In addition, most articles (72.9%) came from orthodontic departments (P = 0.001). Overall, non-university/ private institutions produced 12.9% of all level 1-evidence articles. However, in the AOJ this percentage was 42.9%, more than three times larger than the general average. Regarding the region of origin, European (EU and non-EU) countries have produced more than half (54.2%) of level 1-evidence articles over the entire observation period (P < 0.001). Furthermore, only 1.6% (9/557) articles were published by a single author. Approximately 50% of all level 1-evidence publications in the orthodontic literature are a collaborative work of three or four authors.
Comparisons between the last decade (2004-2013) and the time period 1900-2003
Comparisons between different time intervals (1900-2003 and 2004-2013) revealed that during the last decade there has been a significant increase in level 1-evidence articles published in the orthodontic literature. Approximately 430 out of 557 (77.2%) of all extracted articles were published between the years 2004 and 2013 (Table 4 ). Before 2004, most level 1-evidence articles published were RCTs (85.8%), and very few SRs or MAs appeared in the orthodontic literature. During the last decade there has been a decrease in published RCTs (67.9%) and a significant increase in SRs (23.5%) and MAs (8.6%) (P < 0.001) ( Figure 3 ).
Additional comparisons between the two observed time intervals demonstrate that there have been significant changes in the distribution of articles between different geographic regions of origin (Table 4; Figure 4 ). As exhibited in Table 4 , there has been a largely notable increase in level 1-evidence articles coming from Central and South America, as well as Asia during the last decade (P < 0.001). On the contrary, the contribution of North America in level 1-evidence articles has been significantly reduced from 47.2% to 16.7% between the years 2004 and 2013 ( Figure 4 ).
Regarding the number or contributing authors on each publication and the type of primary affiliation, no significant differences in the distribution of articles was found between the two time intervals (P = 0.478). More than 70% of all level 1-evidence articles in orthodontic literature came from an orthodontic department and approximately half of all articles within each time interval were produced by three or four authors.
The distribution of articles within each of the observed periods (1900-2003 and 2004-2013) is exhibited with more detail in Tables  5 and 6 .
Comparisons between geographical regions of origin
Frequency distributions of all articles over the entire observation period in association to their region of origin are displayed in Table 7 . European countries [European Union (EU) and non-EU] contributed more than half articles within each article category-63/112 SRs, 23/44 MAs, and 216/401 RCTs, respectively. In addition, it was demonstrated that among articles originating from Asia there was a higher percentage of MAs compared to other regions. Similarly, it was noticed that more than 90% of all level 1-evidence articles from Oceania and non-EU European countries were RCTs.
There were differences between different geographic regions regarding primary affiliation type and number of authors per article. North America and Oceania demonstrated a higher percentage of articles from non-academic institutions or private practices compared to other regions. Also, among articles originating from Central or South America, approximately 35% were contributed by a non-orthodontic department, a significant difference to the other regions, where the same percentage was never higher than 16%. Differences between different geographic origins were statistically significant (P < 0.001) at the P = 0.0167 level of statistical significance. 
The level of statistical significance was adjusted to P = 0.0125 after a Bonferroni correction.
When the articles' geographic region of origin was associated to the origin of the journal, significant differences were identified between them ( Figure 5 ). Journals originating from the USA (AJODO and AO) presented a more equal distribution of articles from different regions, compared to journals coming from Europe (EJO, OCR, and JOO), Asia (KJO), or Oceania (AOJ). About 44.4% of articles published in AJODO and AO came from Europe (EU and non-EU countries). On the contrary, European journals (EJO, OCR, and JOO) in a very high proportion (81.8%) published articles originating from Europe and only 6.9% of level 1-evidence articles in these journals came from North America.
Discussion
The present study explored the demographic characteristics of all level 1-evidence articles published in orthodontic journals with an IF. The results clearly demonstrated that the orthodontic literature has significantly improved during the last decade, as exhibited by the dramatic increase in absolute numbers of level-1 evidence articles; three out of four level 1-evidence articles published in the orthodontic literature appeared after the year 2004 (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . This impressive increase is most probably associated with The level of statistical significance was adjusted to P = 0.0125 after a Bonferroni correction. a P-value calculated with Fisher's exact test. 
The level of statistical significance was adjusted to P = 0.0125 after a Bonferroni correction. a P-values calculated with the Fisher exact test. the emphasis that has been placed on evidence based orthodontics (20, 21) . Although, compared to medicine, evidence-based practice in orthodontics is 'still in its infancy' (22) , decisive steps towards the right direction have been taken. The American Association of Orthodontists (AAO) incorporated an entire section on evidence based orthodontic research in its website as a resource for clinicians (23) , and the American Journal of Orthodontics and Dentofacial Orthopedics in 2011 launched a monthly section in 'Statistics and Research design' in an attempt to familiarize clinicians with evidence-based concepts and research methodologies.
Altman (24) in his article 'The scandal of poor medical research' highlighted the fact that poor research was easily published in the medical literature due to lack of strict criteria in the peer review process. He concluded that the scientific community should increase the emphasis on the quality of published articles, rather than the quantity. In the following years journal editors and editorial boards have certainly implemented stricter guidelines for the submission of research manuscripts and the peer review process has become more demanding.
Furthermore, as the academic environment has become more competitive, researchers are more inclined to conduct and publish high quality research in order to improve their academic standing. As academic development is also largely based on obtaining public or private funding for research (25) , there has been a trend towards designing high quality, longitudinal projects. Previous reports have also revealed an increase in RCTs in the orthodontic literature between the late 80s and the year 2008 (14, 26) . This is in agreement with our results, which exhibited an exponential increase in level 1-evidence articles during the last decade.
There has been a significant increase between 2004 and 2013 in level 1-evidence articles originating from Asia as well as Central and South America. Although these regions collectively contributed only 3.2% of this type of articles prior to 2004, in the last decade this percentage increased to 21.6%. Relevant contributions by European countries also exhibited a slight increase in the last decade. On the other hand, the percentage of articles originating from North America decreased to 16.7% of all level 1-evidence articles published in the last decade, compared to 47.2% prior to 2004. This discrepancy might partly be a reflection of the fact that some journals were not available in the beginning of the previous century, and therefore older journals are represented more in the earlier literature. Among articles published from 1900 to 2003, more than 50% was published in the AJODO, and this might be because this journal is the oldest one in the field (Table 5 ).
In the biomedical literature, a dramatic increase in published research originating from Asia and South America, and a concurrent decline in publications from the USA and Europe has been reported (27, 28) . This shift might be explained by emerging differences between countries and universities regarding the availability of research support. As the focus in North America is directed towards basic science research, clinical trials might not absorb as much of the available funds. Furthermore, stringent clinical research policies implemented by ethics and research committees might have discouraged prospective researchers to conduct longitudinal studies, unless they have adequate administrative research teams to support their trials.
The present investigation was limited to articles published in orthodontic journals with IFs, according to the latest listing of 2013 (3). Thus, level-1 evidence articles that were published in orthodontic journals without an IF were not taken into consideration. The impact of a journal has been reported to significantly affect the publicity and citation of an article (15) , so that researchers prefer to submit their work to journals with an IF.
Mavropoulos and Kiliaridis (1) reported that 45% of orthodontic articles until 2003 were published in non-orthodontic journals. This is most probably associated with the fact that orthodontic researchers prefer to submit their work to journals with a high IF, rather than to orthodontic publications, which have a relatively smaller impact in the scientific community. As pressure is building upon academics to publish their work in high impact journals in order to reach promotion requirements, specialty-specific publications with relatively lower IF may face in the future the challenge of attracting high quality submissions. On the other hand, articles of clinical interest, implications and applications must continue to constitute a significant part of a specialty journal. In such a dilemma orthodontic journal editors should balance between maintaining or improving their journal's impact in order to attract high quality research articles and at the same time providing the readership with valid clinical knowledge which often cannot be fully derived from level 1-evidence articles (29, 30) .
It should also be noted that level 1-evidence articles are not problem-free. During the course of this study, the results of the electronic search were reviewed by three authors in order to exclude articles that did not meet inclusion criteria. It became apparent that there is significant disparity in reporting quality among articles of the same type (MA, SR, and RCT). This concern has also been raised by previous studies evaluating the reporting characteristics of RCTs (26, 31) , SRs (32), and MAs (33, 34) in the orthodontic literature. Their results have demonstrated that the reporting quality of level 1-evidence orthodontic articles ranges between low and moderate and is suboptimal in most cases. Pandis et al. (35) compared the reporting quality of RCTs published in the AJODO before and after implementation of the adherence strategy developed by the CONSORT group (36) in 1996, and modified in 2010. It was concluded that RCTs following the CONSORT guidelines presented significantly higher reporting quality. This is in agreement with other studies (37) assessing the reporting quality of orthodontic clinical trials in four orthodontic journals, before and after the CONSORT guidelines were developed. The CONSORT guidelines provide a good framework for conducting and publishing high quality clinical research, and it thus recommended that orthodontic journals adopt this reporting protocol in order to improve the quality of their publications.
The present study is limited to level-1 evidence articles that are published in orthodontic journals with an IF. Therefore, RCTs, SRs, and MAs that have appeared in non-orthodontic publications or orthodontic journals without an IF were not taken into consideration. Good quality research published in other orthodontic journals (14, 26, 37) was thus excluded. A comprehensive evaluation of the entire body of level-1-evidence orthodontic articles, including a qualitative assessment of their research design could be the focus of future studies in the field. 
